Polyurethane-based conducting composites with polyaniline, polythiophene or polypyrrole are in the class of modern macromolecular materials that combine the toughness and elasticity of a polyurethane matrix with conductivity of intrinsically conducting polymers. Since the methods of preparation strongly influence the structure and properties of resulting composite/blend, this work aims at a systematic description of polyurethane-based conducting composites. This review has been structured to present an overview on preparations, characterisation and applications of polyurethane-based conducting materials with polyaniline, polythiophene or polypyrrole. C 2004 Kluwer Academic Publishers
Introduction
Polyurethane is a unique material that offers the elasticity of rubber combined with the toughness and durability of metal. Polyurethane (PU), composed of polyether or polyester soft segments and a diisocyanate-based hard segments, are well-known tough materials and are usually used as an additive to enhance toughness of brittle materials as well as thermal properties [1] [2] [3] [4] [5] . The most common diisocyanates are presented in Table I along with that of schematic representation of segmented PU-Scheme 1.
Because of the incompatibility between the hard segments and the soft segments, thermoplastic PU (TPU) undergoes microphase separation resulting in a hardsegment domain, soft-segment matrix, and urethanebonded interphase. The hard-segment domains act as physical cross-links in the soft-segment matrix. The primary driving force for phase separation is the strong intermolecular interaction of the urethane units, which are capable of forming intermolecular hydrogen bonds.
Owing to such interactions, interconnected or isolated hard segments remain distributed in the soft segment matrix, though the soft domain may contain some hard segments dissolved in it, which is evident from the hydrogen bonding of the urethane-NH groups with the oxygen of the ether or ester linkages [6] . These kinds of PU are utilized mainly as water dispersions (coatings, adhesives) and also as biomedical devices, temperaturesensing elements, polymer electrolytes, etc. The recent technological interest concerns the studies on composites containing conductive polymers and an inert polymer matrix. The potential usage of conducting polymer * Author to whom all correspondence should be addressed.
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blends includes electro-chromic and electro-optical devices, packaging materials, actuators, batteries, and catalysts. Such elastomers may also have applications as rollers used in electrostatic imaging, cables, EMIshielding gasket materials, and, potentially, chemical and/or biological sensors [1] [2] [3] [4] [5] [6] .
In the case of conducting polymers, the objective is the preparation of polymeric materials with good mechanical properties and processability associated with high conductivity or electrochromism [7] [8] [9] [10] . Conductive polymers may be synthesised by any or combination of the following techniques: chemical polymerisation, electrochemical polymerisation, photochemical polymerisation, metathesis polymerisation, concentrated emulsion polymerisation, inclusion polymerisation, solid-state polymerisation, plasma polymerisation, pyrolysis or soluble precursor polymer preparation [11] [12] [13] [14] [15] . The incorporation of functional groups (e.g., carboxylic, sulfonic, phosphonic groups) in the PU backbone, able to react further covalently or non-covalently, leads to PU-ionomers with the improved characteristics such as adhesion, dyeability and ionic conductivity or polymers with special properties like haemocompatibility, polymers with shape memory effects and non-linear optic properties.
Diaz Fig. 1 , as well as comparison of their conductivities in Table II . This review has been structured to present an overview on preparations, characterisation, applications and concluding remarks on PU composites/blends with polyaniline, polythiophene or polypyrrole.
Synthesis methodology
One of the methods of preparation of conducting composites is the mechanical mixing where the controlling factors for a good conductive composite are the sizes and uniformity of particles as well as the efficiency of mixing [1, 27] . Another way to prepare the composite is the chemical or electrochemical synthesis in organic solvents [13, 14] . Since the organic solvents may cause environmental pollution, a trend to replace the organic solvents by supercritical carbon dioxide or iodine is observed [28] . These methods are briefly discussed here while further insight can be sought elsewhere in the literature [11] [12] [13] [14] [15] . Table III presents the synthetic process and characterisation techniques utilised for quick reference.
2.1. Chemical process PU-based conducting polymers' matrices, blends and composites can be synthesized via a number of approaches. These synthetic methods for polymerisation can be mainly classified into chemical and electrochemical synthesis, the chemical approach being the most preferred route mainly due to its simplicity and inexpensiveness in comparison to electrochemical synthesis. Yet, for in situ spectroscopic studies, the electrochemical method is better suited as it holds several advantages in that the synthesis is cleaner, conducting polymer blends and composites are supplied in the form of freestanding films, and also that the electrical properties of the composites can be modified by simply varying the conditions of electrolysis. However, it
